ABSTRACT: Allozymic variation encoded by 25 gene loci was compared and contrasted in natural coexisting populations of the marine gastropods Cerithiurn rupestre and C. scabridum collected along the rocky beach of the northern Mediterranean Sea of Israel. C. rupestre showed considerably less genic diversity than C. scabridurn. Results support the niche-width variation hypothesis as C. scabridum may be considered a species characterized by a broader ecological niche than C. rupestre. However, the extreme difference between the genic diversity of the 2 species might result from at least 2 sets of factors reinforcing each other, namely the ecological niche as well as the life zone and life history characteristics.
INTRODUCTION
Since its first application for studies of genetic diversity, the technique of electrophoresis has been used in hundreds of surveys of natural populations. Nevo et al. (1984) analysed the genetic variability of 1111 species belonging to 10 higher taxa. The distribution patterns obtained for both genetic indices of diversity, heterozygosity (H) and polymorphism (P), showed striking heterogeneity among higher taxa. The lowest extremes of H were generally exhibited by vertebrates, particularly by mammals, whereas the highest extremes of H were displayed by invertebrates, particularly by molluscs. Nevertheless, there were significant differences between the heterozygosity of molluscs according to different habitat types. The highest mean heterozygosity was encountered in species living in the aquatic littoral habitat (H = 0.224), which comprises largely sedentary molluscs. But even the aquatic littoral can be partitioned into microniches and the genetic diversity of upper midlittoral species could be compared to species living in the lower midlittoral. Animals in the upper midlittoral are expected to be more tolerant to a larger range of ecological spectra including temperature, salinity, oxygen pressure and other factors affected by the distinct tidal fluctuations, thereby occupying a broader ecological niche.
According to the niche-width variation hypothesis For a sound validation of the theory, however, many more such pair comparisons standardizing as much as possible both the taxonomy and ecology of the species tested and their life zones are necessary (Nevo 1978) . Ritte & Pashtan (1982) reported extremely high levels of genetic variability in 2 Cerithium species: C. caeruleum, a Red Sea species that did not colonize the Mediterranean Sea, and the colonizer species C. scabridum. Both showed P = 1.00 and H values higher than 0.6.
The extreme level of polymorphism reported for Cerithium scabridum and the fact that a Mediterranean related species, namely C. rupestre, is sometimes encountered on the same site, make this pair a suitable candidate for retesting the niche-width variation hypothesis. Surveying the Mediterranean coasts of Israel, Ayal (1978) encountered C. scabrjdurn more often in the upper midlittoral, whereas C. rupestrewas found more often In the lower midlittoral. Along a 55 m transect perpendicular to the shoreline C. scabridurn was consistently more abundant than C. rupestre across the first 42 m. This section was characterized by higher salinity and temperature fluctuations than the lower portion of the transect where C. rupestre prevailed. Thus, w e consider C. rupestre a s a species with a narrower ecological niche than C. scabridurn. Therefore, the niche-width variation hypothesis would predict a higher genetic diversity in C. scabridurn. We present here evidence indicating that C. scabrjdurn is indeed the more polymorphic and heterozygous of these 2 species.
MATERIALS AND METHODS
Species tested and sampling. The 2 cerithids involved in this study are Cerithium scabridurn and C. rupestre. C. scabridurn is a tropical species characterized by ~t s extreme genetic diversity and abundance in the Red Sea. Since the opening of the Suez Canal, it has colonized the temperate Mediterranean and can now be found in large numbers along the coasts of Egypt, Israel, Lebanon, Syria, Gulf of Antalya (Turkey), and the east coast of Sicily (Barash & Danin 1973 , 1977 . C. rupestre is a temperate species found in the Eastern Mediterranean (Egypt, Lebanon, Syria, Cyprus, Aegean Sea), Central and Western Mediterranean (Adriatic Sea, Western Basin -Northern and Central Areas, North Africa, Alboran Sea) and Eastern Atlantic (Spain, Portugal, Morocco, Madeira, Canary Isles) (Barash & D a n~n 1983) .
Our sampling sites along the northern Israeli coast, from south to north, include Caesarea, Haifa, Akko and Shavei-Zion. In each site both species were searched for, but only in Akko were both sampled together All the specimens were collected from rocky beaches on the same day either in autumn (Cerithium scabridurn at Caesarea and Akko and C. rupestre at Haifa and Akko) or in spring (C. scabridurn at Akko and ShaveiZion). Each sample included at least 46 specimens, kept in deep frcvze at -80 'C until individual animal homogenates were r,lectrophoresed.
Electrophoretic techn~que. Allozymic variation of proteins encoded by 25 gene loci was studied by standard starch gel electrophoresis. The procedures used were those described by Yang in Selander et al. (1971) . Seven buffer systems described by Lavie & Nevo 1981 were used discontinuous Borate-Tris Citrate = Poulik; Tris-Citrate-EDTA, pH 8.0 = TC; Borate-Tris pH 8.5 = TRIS-HCI; Tris-Maleate-EDTA, pH 8.3 = TM 8.3, pH 7.4 = TM 7.4; Tris-Borate-EDTA pH 8.0 = TVB; discontinuous Lithium-Borate-Tris-Citrate, pH 8.4 = LIOH. The buffer used for each enzyme is given in Table 1 When different buffers were used for the 2 species they are designated (S) for Cerithiurn scabridurn and (r) for C. rupestre.
Analysis of genetic diversity. The criteria used to measure the amount of genetic diversity were polymorphism (1 % and 5 % criterion) per population (P), heterozygosity per locus per individual (H) and mean number of alleles per locus (A) . Of the 27 loci tested, 23 were shared by both species, so that for each of them a comparison of H and A between the 2 species is feasible. In each species 1 of the remaining loci is monomorphic (IPO in Cerithiurn scabridurn and A 0 in C. rupestre) and a second almost monomorphic (EST2 in S. scabridurn and ACPH2 in C. rupestre). Table 1 shows the number of alleles and heterozygosity for each locus in each population. The loci are presented in alphabetical order. Comparing the heterozygosity of Cerithiurn rupestre with that of C. scabridurn from the same sampling site (Akko, autumn) the difference is noted ( S ) when C. rupestreis less heterozygous a s expected according to the nichewidth hypothesis. For C. rupestre from Haifa, the difference is noted ( + ) only on those occasions when all populations of C. scabridurn showed a higher value. Even with these constraints, C. scabridurn is genetically more variable than C. rupestre, as is evident from both the number of alleles and levels of heterozygosity Table l also provides data on P, the level of polymorphism. Again, C. scabridurn is more polymorphic then C. rupestre for both the 5 O/o and the 1 % polymorphism criteria
RESULTS
The difference between the 2 species in the level of genetic diversity is so drastic that statistics seem unnecessary. Sign test (Siege1 1956), scoring ( + ) and ( -) when comparing the number of alleles and heterozygosity, as well as the Bailey test for proportions (Bailey 1959) , when comparing (P) values, rendered statistical significances much smaller than p = 0.01,
DISCUSSION
The most likely general mechanisms for maintaining genetic polymorphisms are spatially heterogeneous environments (Levene 1953 , Bryant 1976 , Hedrick et al. 1976 , Gillespie 1978 . Conditions for polymorphisrn in heterogeneous environments are less stringent than those of overdominant selection in multiple allelic systems, as also concluded by Lewontin et al. (1978) . ( + l C. rupestre is less heterozygous than C. scabridum as expected by the niche-w~dth varlatlon hypothesis
The idea of positive correlation between genetic and environmental variation, the niche-width variation hypothesis (Van Valen 1965) , is widespread in evolutionary biology (e. g. Levene 1953 , Levins 1968 ).
It was critically tested and confirmed for karyotypic, and suggested for electrophoretic (Powell 1971 , McDonald & Ayala 1974 , Powell & Wistrand 1978 , as well as for quantitative traits (Mackay 1981 and references therein). The prediction of the environmental amplitude hypothesis was refuted in some marine organisms, i. e. fishes (Somero & Soule' 1974) , and other organisms such as invertebrates (Schopf & Gooch 1971 , Ayala & Valentine 1979 , butterflies (Mitter & Futuyma 1979) and mice (Smith 1981) , but has been confirmed on several occasions, such as in restricted and widespread plant species (Babbel & Selander 1975) , Drosophila (Beardmore 1961 , Long 1970 , Powell 1971 , McDonald & Ayala 1974 , Steiner 1977 , Powell & Witstrand 1978 , Mackay 1980 , Lacy 1982 , fishes (Avise & Selander 1972 , Narang 1980 , frogs (Nevo 1976) , salamanders (Karlin & Guttman 1981) and molluscs (Wilkins 1975 , Lavie & Nevo 1981 . Finally, statistical analysis of 1 l l 1 species indicates that genetic diversity is higher in species living in broader environmental spectra, again supporting on a larger statistical scale the niche-width variation hypothesis, despite the known counter examples (Nevo et al. 1984) .
In none of the above quoted individual studies is the difference in genetic variability between the species studied so extreme as in the species pair Cerithium scabridurn and C. rupestre. Even though in our study the values obtained for C. scabridurn are not as high a s reported by Ritte & Pashtan (1982) , C. scabridurn is above average, while C. rupestre is below the average value, presented by Nevo et al. 1984, for Mollusca (mean H = 0.148; mean P = 0.468; N = 46 species). The magnitude of the difference is so extreme that w e were compelled to look for additional forces causing such a low level of genetic diversity in C. rupestre. And indeed, besides the differences in niche-width, the observed species differ drastically in their life histories. Ayal (1978) presented C. scabridurn as a n rselected species while C. rupestre demonstrated kselection strategy. Among the most outstanding differences between the 2 species are the life cycle and fecundity rates. C. rupestre does not have a long-lived pelagic larva as does C, scabrjdum, but hatches from eggs oviposited on algae. Furthermore, the rate of eggs laid per day per female is 15 to 80 for C. rupestre and 1500 to 3000 for C. scabridum. This indicates higher dispersal of young and higher fecundity for C. scabridurn.
According to the data reviewed by Nevo et al. (1984) for 36 mollusc species, heterozygosity is significantly higher for species with high as compared to species with low dispersal of young (H = 0.295 versus H = 0.075, respectively, P < 0.01). Likewise, heterozygosity in mollusc species with fecundity values higher than 1000 is significantly higher than in species with low fecundity (H = 0.412 versus H = 0.094, respectively, P < 0.001). The combination of r-strategy and high genic diversity may have contributed to the dlstinct colonizing ability of Cerithiurn scabridum from the Red Sea to the Mediterranean Sea (Safriel & Ritte 1983) .
It is interesting to note that the only species of marine gastropods for which very high polyrnorphisrn was reported (P = 1.00) are Cerithiurn caeruleum and C. scabridurn (Ritte & Pashtan 1982) ; 2 additional intertidal cerithid species from the Red Sea, Clypeomorus tuberculaturn and Clypeomorus moniliferum (Noy 1983 ); a n inter-tidal clam from the Red Sea, Modiolus auriculatus (Lavee 1983) ; and another intertidal gastropod, the limpet Collisella digitalis, which is distributed throughout the temperate provinces of Japan and North-America (Gresham & Tracey 1975) . In all the above mentioned species, the major determinants of the level of diversity may include at least 2 factors associated with their specific life histories, namely a very high rate of reproduction and dispersal ability. All are intertidal gastropods with long-lived pelagic larvae. Therefore, the extreme difference between the levels of genetic diversity in C. scabridum and in C. rupestre may be due to their combined differences in niche-width, as well as in life histories. Notably, however, life history and ecological niche are not unrelated. Nymberg (1974) , for example, reported larger niche size of the more outbreeding ciliates. Finally, the levels of heterozygosity differ significantly in species living in different life zones (Nevo et al. 1984) . This is true for all species tested, as well as for molluscs, where tropical species harbour significantly more genic diversity as compared with temperate species (H = 0.205 versus 0.071, respectively; p < 0.001).
The evidence presented here suggests that the characteristics of the niche and life zone are reinforced by demographic (i. e. dispersal) and life history (i. e. fecundity) factors in shaping the levels of genetic diversity. The analysis of genic diversity appears to lndicate that multiple factors affect the levels of heterozygosity and polymorphism in natural populat i o n~. The relative importance of the various cooperating factors may be approximated by standardizing as far a s possible the species compared in many relevant factors and restricting the test to a major differentiating variable
